• Strategies to avoid and mitigate associated undesirable sequelae.
• Treatment of established complications.
• Factors affecting the occurrence of adverse reactions.
In January of 2014, a multinational, multidisciplinary group of 16 experts in aesthetic medicine, including plastic surgery, dermatology, facial plastic surgery, and oculoplastic surgery (the "consensus panel"), convened the Global Aesthetics Consensus Group to review the properties and clinical uses of onabotulinumtoxinA (Botox Cosmetic; Allergan, Inc., Irvine, Calif.) and hyaluronic acid fillers, with a focus on Hylacross and Vycross products (Allergan), and to develop updated consensus recommendations for early and late complications associated with hyaluronic acid fillers ( Table 1 ). The methodology for determining consensus involved grading statements and opinions developed during the conference (i.e., grade A = recommended, grade B = reasonable choice, grade C = not fully established, and grade D = not recommended), with consensus defined as twothirds of polled panel members selecting a specific consensus grade. The minimum number of polled faculty was 11 (constituting a quorum). If no statement/opinion grade reached the two-thirds level, results were reported as "no consensus reached." In addition, statements and expert opinion supported by a majority (but less than two-thirds) of the panel were framed as "position statements."
The specific recommendations and position statements presented in this article represent the panel's expert opinion based on their collective 
COMPLICATION MANAGEMENT IS THE LARGEST UNMET NEED WITH HYALURONIC ACID FILLERS
When used appropriately, hyaluronic acid fillers are associated with a very low rate of adverse reactions. [2] [3] [4] [5] However, these can arise, ranging from minor and self-limited to severe complications requiring prompt treatment and close follow-up. Therefore, in addition to having a clear understanding of potential reactions caused by the products, clinicians should know when and how to intervene to manage the entire spectrum of complications. Optimal complication management remains an unmet need in the field of aesthetic medicine.
Patient-, Product-, and Technique-Related Factors
Clinicians must be mindful of patient-, product-, and technique-related factors that can impact the occurrence of adverse reactions. Some anatomical areas, such as glabella, alar base, nose, and temple are known to be associated with higher risks of vascular complications. [6] [7] [8] [9] In addition, patient history may be a pertinent factor in the emergence of adverse reactions.
Relevant product-related factors include the concentration and rheologic properties of the filler, and the manufacturing processes (e.g., purification). The clinician has control over injection technique-specifically, the depth, volume, speed, and accuracy of injection. In this context, the panel stressed that all clinicians performing injections should have a thorough knowledge of facial anatomy.
Impact of a Changing Treatment Landscape
The injection of larger volumes of hyaluronic acid may affect the occurrence of foreign-body reactions (e.g., in response to filler components, bacterial proteins). Hyaluronic acid is derived from a fermentation of bacteria, which may be a source of impurities. Breakdown products of hyaluronic acid fillers in vivo could likewise elicit hypersensitivity reactions, and differences in water-binding capacity among products could be relevant to localized reactions such as pain and swelling. The potential introduction of impurities during production argues in favor of obtaining hyaluronic acid fillers from reputable "mainstream" manufacturers that ensure the quality of source material and practice high manufacturing standards.
The panel noted that long-term repeated treatment with hyaluronic acid fillers is increasing in clinical practice. Theoretically at least, this poses a possible increased risk of antibody formation. However, hyaluronic acid is a naturally occurring polysaccharide that exhibits no species or tissue specificity, 10, 11 and clinical experience and study data support the safety of retreatment. 12 Biocompatibility data provide some reassurance regarding long-term exposure to the cross-linker 4-butanedioldiglycidyl ether in some hyaluronic acid filler products. 13, 14 Increased risk of biofilm formation is another potential consequence of long-term treatment. Biofilms consist of densely packed communities of bacteria surrounded by secreted polymers. 15, 16 These quiescent communities may become activated on repeated treatment. The surface area of product (large bolus), longevity of product, 16, 17 and inadequate sterile technique are other factors hypothesized to play a role in biofilm development. In the panel's opinion, hyaluronic acid fillers have a low incidence of biofilm formation, although the relative risk may vary by filler, and the risk may be increased if the product is placed in the presence of a previously injected permanent filler.
AVOIDING AND MINIMIZING COMPLICATIONS
Patients should know that a small risk of complications exists with all dermal fillers. Written, informed consent should always be obtained before treatment. Although the risk of adverse reactions cannot be eliminated, the panel identified a number of steps that may decrease their occurrence ( Table 2 ). The panel further advised injectors to assemble a "tool kit" for the management of complications should they arise (Table 3) .
General Principles
Insufficient experience is a contributory factor in the development of complications. 18 Clinicians should seek appropriate product selection and practice proper techniques to minimize adverse reactions. Clinicians performing injections should have a thorough knowledge of injection-related anatomy and, before treatment, elicit a full history of previous cosmetic procedures to determine whether relative or absolute contraindications exist. Specifically, the clinician should query the patient regarding previous complications with Plastic and Reconstructive Surgery • June 2016 dermal fillers, significant allergy, or other significant medical conditions. The list of the patient's medications should be reviewed.
Product selection is important, as the safety profiles of dermal fillers may vary. 19 Importantly, the physical and rheologic properties of the filler should fit the intended intervention. For example, products with a higher elastic modulus (G′) are not recommended in delicate areas such as the tear trough.
Hyaluronic acid fillers can be delivered safely and efficaciously by either cannula or needle if used appropriately. However, the panel recommended that needles be used with caution in areas prone to vascular complications. The use of blunt cannulas may be more appropriate in these regions. However, the panel stressed that no single injection technology is completely safe. Operator technique is more important with regard to safety ( Table 2) .
The validity of anterograde and retrograde injections was recognized by the panel, and it was strongly recommended that clinicians aspirate with a needle or cannula before injection, especially in high-risk areas. However, although positive aspiration is sufficient reason to remove the instrument and reposition, clinicians should not rely on negative aspiration to rule out the risk of intravascular injection.
PREVENTION AND TREATMENT OF EARLY COMPLICATIONS Pretreatment Antisepsis and Prophylaxis
The panel recommended that the treatment area be cleansed with appropriate antiseptic and the patient's skin be free of makeup, which should also be avoided following treatment. Evidence supporting specific skin preparation is lacking, and alcohol swab preparation pads are commonly used. General guidelines for reduction of health care-associated infection include effective skin antisepsis using 2% chlorhexidine gluconate in 70% isopropyl alcohol. 20, 21 Disposable nonsterile gloves and sterile dressing trays and drapes 22 are inexpensive and contribute to a hygienic work area as well.
To avoid triggering recurrent herpetic outbreaks, the panel recommended antiviral prophylaxis in patients with a history of herpes infection when injections into vulnerable areas are planned. Injections should be delayed in patients with active herpes lesions until their complete resolution (Table 4) .
Vascular Infarction and Compromise
Intravascular injection of filler substances can lead to devastating side effects, such as tissue necrosis and vision loss. (Note: vascular infarction can resemble herpetic outbreaks, and they may be confused.) Vascular accidents are best avoided with knowledge of vascular anatomy ( Fig. 1 ), adequate training, and appropriate technique. Several sources in the literature describe strategies for diminishing this risk. 6, 7 Precautions include aspiration before injection, slow injection with minimal pressure, and delivery of material at different points and in small volumes per pass. It is important to keep the needle moving. Use of small needles have been advocated by some members of the panel and blunt microcannulas have been advocated by others.
An algorithm for the treatment of intravascular injection is presented in Figure 2 . The consensus includes immediate cessation of the injection, hyaluronidase, and massage (with warm compresses if appropriate). Hyaluronidase should be injected immediately and used daily in liberal doses where signs and symptoms are present (e.g., livedo reticularis-like appearance, pustulation, well-demarcated Table 4 
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Statement
Recommendation or Position Statement
Hyaluronic acid fillers have an extremely good safety profile compared with other types of fillers; however, the treatment landscape is changing, which may impact the risk of reactions.
PS
Techniques are evolving with the use of larger volumes and new products, which has implications for patient selection, operator technique, and product selection.
Patients should be made fully aware that a small risk of complications exists with hyaluronic acid fillers. CR Clinicians should elicit a full history of previous cosmetic surgery and procedures and determine whether relative or absolute contraindications exist based on clinical judgment.
CR
The patient's skin should be free of makeup before treatment with hyaluronic acid filler and the treatment area should be cleansed with appropriate antiseptic. It is generally advisable not to apply makeup to the treatment area following treatment with hyaluronic acid filler.
Patients with active infection in the treatment region should not be treated. CR Herpes prophylaxis with an antiviral agent is recommended in patients with a history of herpes infection.
Patients with a history of severe cold sores (HSV) should be prescribed antiherpes medication prophylactically before treatment when injections in vulnerable areas are planned.
Practitioners should use clinical judgment in advising patients to temporarily discontinue immune modulators, anticoagulants, and/or drugs or supplements with anticoagulant properties before treatment with hyaluronic acid fillers. Anticoagulation should not be ceased without consultation with the treating physician.
Following treatment with a hyaluronic acid filler, it is generally advisable to avoid strenuous exercise (heart rate >100 bpm) for 24 hr to reduce the risk of posttreatment complications.
No single injection technology (needle, cannula) ensures complete safety. PS The applicability and validity of anterograde and retrograde injection techniques are recognized. CR Blunt cannulas were more recommended by the panelists in vascular complication areas. PS Aspiration before injection has been suggested as a strategy to prevent vascular occlusion, especially in high-risk areas (e.g., glabella). However, clinicians should not rely on negative aspiration to rule out the risk of intravascular injection.
Hyaluronic acid fillers should be injected slowly under low pressure with the needle or cannula constantly moving.
Strategies to minimize the risk of complications with hyaluronic acid fillers include the following: CR Know injection anatomy Aspirate before injecting in higher risk areas Slowly inject with the least amount of pressure Move tip with delivery of product Incrementally inject 0.1-0.2 ml of product Use a small syringe to deliver precise aliquots Use a small needle to slow injection speed Use blunt microcannulas Apply proper patient selection criteria Stop injecting if resistance is encountered or the patient experiences pain/discomfort Always monitor the patient In cases of intravascular occlusion, hyaluronidase should be injected where signs and symptoms are present (e.g., livedo reticularis-like appearance) and where the vasculature appears compromised.
In cases of intravascular occlusion, a minimum of 200-300 U of hyaluronidase spread over the entire area of impending necrosis should be injected and repeated daily (minimum of 2 days) until signs of permanent necrosis or reestablished blood flow appear. A larger dose should be used if needed (doses of 500-1500 U were suggested), because the consequence of inadequate dosing is tissue necrosis. Reassess every 24 hr. is on antibiotic treatment already or intravascular occlusion is suspected, in which case hyaluronidase should be started immediately.
The incidence of biofilm creation is low with hyaluronic acid fillers. PS Antibiotic therapy should be prescribed initially in the presence of signs/symptoms of acute infection, and clinical judgment should inform subsequent decision to save the implant for aesthetic correction or inject hyaluronidase to avoid recurrence of infection.
Overt and covert infection should be ruled out before injection of steroids. CR For acute early infections, appropriate empiric antibiotic treatment can include amoxicillin plus clavulanate, or cephalexin, or ciprofloxacin (in case of penicillin allergy).
For late inflammatory nodules or granuloma, possible empiric antibiotic therapy includes clarithromycin plus moxifloxacin, or ciprofloxacin, or minocycline.
Practitioners may consider use of an oral steroid when medically appropriate (e.g., after antibiotic treatment in cases of multiple chronic cold nodules).
CR CR, Consensus Recommendation (agreed on by at least two-thirds of panel members); PS, Position Statement (agreed on by a majority, but less than two-thirds, of panel members); HSV, herpes simplex virus.
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erythema, pain on injection or in the days following) and wherever the vasculature appears compromised, not only at the site of injection ("flood the field"). A recent bench study supports injection of hyaluronidase diffusely into ischemic tissue. 23 As hyaluronidase is useful in the management of many complications that may arise from hyaluronic acid fillers, clinicians should always have it readily available if permitted by local regulatory or legal statutes. However, injectors should always bear in mind the possibility of allergic reactions following its use. 24 For intravascular infarction, the panel recommended injection of a minimum of 200 to 300 U of hyaluronidase (spread over the entire area of impending necrosis), repeated daily for a minimum of 2 days until signs of permanent necrosis or reestablished blood flow appear. Doses up to 1500 U were suggested if needed, because the consequence of inadequate dosing is tissue necrosis. The patient should be reassessed every 24 hours. If infection arises, antibiotic therapy should be started immediately. Use of topical nitroglycerin (1%) paste is also recommended in cases of obstruction (Table 4) . Other strategies (without proven efficacy) include systemic or topical steroids, aspirin, low-molecular-weight heparin, hyperbaric oxygen, and intravenous prostaglandins. Measures to improve retinal perfusion described in the literature (albeit with limited success) include immediate ophthalmologic consultation, ocular massage, timolol eye drops, hyperbaric therapy/oxygen, diuretics, systemic and topical corticosteroids, anticoagulation, and needle decompression of the anterior chamber. 6 
Allergic Reactions/Hypersensitivity
Treatment of hyaluronic acid filler-related hypersensitivity depends on severity. In many cases, it may be self-limiting and resolve spontaneously after a few hours or days. Swelling may respond to antihistamines if mast cell-mediated. Oral steroids are the mainstay of treatment for persistent edema or edema that does not respond to antihistamines. Rapidly progressing angioedema should be considered a medical emergency because of possible airway obstruction. Delayed hypersensitivity reactions usually resolve without sequelae, but depending on the presentation, oral steroid treatment may be required. 5, 7 If possible, the allergen should be removed.
Early Acute Infection
The panel recommended a hierarchy or sequence of treatment options for early acute Volume 137, Number 6 • Hyaluronic Filler Complications 967e infections, as follows: antibiotics (empiric), then consider hyaluronidase, then consider steroids. An algorithm for the treatment of mild to moderate early and late complications is presented in Figure 3 .
Antibiotic therapy should be prescribed if signs or symptoms of acute bacterial infection are present; clinical judgment should guide subsequent decisions to save the implant for aesthetic correction or inject hyaluronidase to avoid recurrence of infection. A multiprong approach using both antibiotics and antiviral agents is reasonable when the cause is uncertain and laboratory support is lacking. 22 Culture-directed antibiotic selection is impractical for initial therapy. The recommended initial empiric therapy for both fluctuant and nonfluctuant infections includes amoxicillin plus clavulanate, or cephalexin, or in the case of penicillin allergy, ciprofloxacin. For abscesses, incision and drainage or aspiration remains the tenet of proper surgical treatment. If empiric antibiotic therapy is unsuccessful, culture-directed therapy should be considered. Subsequent use of hyaluronidase may be considered when the infection is quiescent. If infection is clinically present, hyaluronidase should only be injected in association with antibiotic treatment to avoid spreading the infected material. Overt and covert infection should be ruled out before injection of intralesional steroids is considered for inflammatory nodules.
Injection-Related Events
Appropriate injection techniques help limit the risk of adverse reactions and contour irregularities. 8 Increased dissection of the subepidermal plane may be related to local adverse events 25 ; however, in the panel's opinion, there is insufficient evidence to conclude that a specific modality is associated with more complications. To help minimize bruising and bleeding, practitioners should use clinical judgment in advising patients to temporarily discontinue immune modulators, anticoagulants, and/or drugs or supplements with anticoagulant properties before treatment. (Note: anticoagulation should not be discontinued without consultation with the treating physician.) Injections are only relatively contraindicated in patients taking therapeutic anticoagulants, as meticulous slow-injection technique using small needles/cannulas and immediate prolonged pressure will limit bruising.
Following treatment, it is generally advisable to avoid strenuous exercise for 24 hours to reduce the risk of bruising and swelling. Other steps include using the smallest gauge needle practicable or blunt cannulas, slow injection of small aliquots, avoiding reinjections in the same areas to avoid lidocaine-induced vasodilatation, and limiting the number of transcutaneous puncture sites. Immediate application of pressure rather than cold therapy remains the mainstay of bruising prevention; however, cold compresses may be used. 15 Some panel members noted use of pulse dye laser if bruising appears.
26
Inappropriate Placement
Lumps, asymmetries, or contour deformities occurring in the early posttreatment period may respond to massage. Needle aspiration or minimal stab wound incision with evacuation may be options. A benefit of hyaluronic acid fillers is that irregularities can be reversed with hyaluronidase, a feature that fillers of other types do not share. 5, 7, 9, 22 However, considering the risk of possible allergic reactions, its use should be limited. Appropriate technique will allow use of the enzyme in emergencies only. The panel recommended the following hyaluronidase schema:
• Less than 2.5-mm area: 10 to 20 U single injection; repeat injection if required. • Area of 2.5 mm to 1 cm: two to four injection points with 10 to 20 U per injection point; repeat injection if required.
However, the panel indicated that physicians should use clinical judgment while the dosage is titrated to effect. Indeed, the units of hyaluronidase required to dissolve a given amount of hyaluronic acid also depend on the product itself. Not all hyaluronic acids on the market respond equally to hyaluronidase. 27 Treatment of edema and of the Tyndall effect, which may follow lower eyelid applications, consists of injecting hyaluronidase into the surrounding tissue followed by gentle massage. The schema above can guide dosing. Only modest pressure should be applied to disperse hyaluronidase over the area.
TREATMENT OF LATE COMPLICATIONS Displacement
Displacement of hyaluronic acid filler products, mainly caused by intramuscular placement, can also be treated with hyaluronidase using the same schema above. 28 
Late Chronic Infections
In the opinion of the panel, a sequence of treatment options similar to that in early acute infection should be followed: antibiotics (empiric), then hyaluronidase, then steroids. Appropriate antibiotic treatment includes a third-or fourthgeneration cephalosporin (e.g., cefixime).
Inflammatory Nodules or Granuloma
Sclafani and Fagien advise incision and drainage and antibiotic treatment of fluctuant nodules, 9 and empiric antibiotic therapy followed by reevaluation for nonfluctuant nodules; if there is no improvement, biopsy and culture are indicated. The panel recommended the following empiric antibiotic schema: clarithromycin 500 mg plus moxifloxacin 400 mg twice daily for 10 days, or ciprofloxacin 500 to 750 mg twice daily for 2 to 4 weeks, or minocycline 100 mg once daily for 6 months.
Culture should guide subsequent antibiotic selection. If no diagnosis is made, addition of a macrolide should be considered for an additional 2 to 4 weeks. Once signs of infection subside, consider hyaluronidase and a steroid.
Granulomatous reactions to hyaluronic acid fillers can be treated with hyaluronidase with the dosing described as above. Empiric antibiotic therapy should be considered. Granulomas may respond to oral or intralesional steroids after infection is ruled out or quiescent. An intralesional steroid may be used in combination with hyaluronidase. In cases of repeated failure of other therapies, surgical excision is the treatment of choice for foreign-body granuloma. The literature also contains description of laser-assisted evacuation of filler material and inflammatory and necrotic debris of granulomata. 29 
Noninflammatory Nodules
Strategies for the treatment of noninflammatory nodules include removal of the causative Plastic and Reconstructive Surgery • June 2016 agent and consideration of empiric antibiotic treatment. Short-term temporary measures such as a steroid may be appropriate in limited clinical circumstances.
The panel stressed the importance of clinical judgment in selecting suitable treatment approaches. For example, hyaluronidase was considered an appropriate option for a single cold nodule of 3 months' duration. For multiple cold nodules of similar duration, the panel considered a course of antibiotic therapy for several weeks followed by hyaluronidase as the most appropriate approach. Use of short-term systemic steroids was also discussed by some panelists.
OVERALL SUMMARY AND CONCLUSIONS
Because hyaluronic acid fillers are minimally immunogenic and can be enzymatically degraded by hyaluronidase, they have become the most common of the temporary fillers on the market. Hyaluronic acid dermal fillers are today established as the preferred material for minimally invasive cosmetic interventions. However, early and late complications ranging from minor to severe can occur with hyaluronic acid fillers, and the risk profile may be changing as the treatment landscape evolves. Optimal complication management remains an unmet need in the field of aesthetic medicine. The cosmetic physician should be suitably experienced to select and use hyaluronic acid fillers. As such, they should have a detailed understanding of facial anatomy, practice appropriate patient and product selection, and possess knowledge of correct preparation and injection techniques. Most adverse events are avoidable with proper planning and technique. Should adverse reactions occur, the clinician should have the tools available and be prepared to confidently treat them. Proper preparations for emergencies should reduce the severity of adverse outcomes associated with injection of hyaluronic acid fillers in the cosmetic setting. 
